Invasions of leaf beetles are of great ecological and economic significance, but poorly studied. The rate of these invasions in Europe is dramatically increasing. Some established species spread quickly occupying almost the whole continent within several decades. We present the first inventory of alien leaf beetles of European Russia. For each species the map of distribution is provided and the history of invasion in the world is discussed. Two species native to Mediterranean Region: Chrysolina americana (pest of Rosmarinus and Lavandula) and 
Introduction
There are major gaps in knowledges on regional alien floras and faunas and data availability varies among regions (Pyšek et al. 2017) . In particular, alien insects of European Russia are poorly studied. The most of information is published in local sources and stays unknown to the wide audience, because is not included to international databases. We present the first inventory of alien leaf beetles of this territory.
Leaf beetles (Chrysomelidae except Bruchinae) is a large group of phytophagous beetles (more than 36 000 species in the world, about 600 in European Russia) (Jolivet 1995; Bieńkowski 2011) . Negative economic impact of invasions of these insects is significant, since some of them, e.g. Leptinotarsa decemlineata, Diabrotica virgifera and Epitrix papa, are major pests of various crops (EPPO 2017) . In spite of it, invasions of leaf beetles are poorly studied (Beenen 2006) . Before 2010 only 11 species alien to Europe were recorded (Beenen and Roques 82 literature sources were used. We use criteria of alien status and terminology used in invasion biology defined by Richardson et al. (2000) and Blackburn et al. (2011) .
Here we adhere to the system adopted in the Catalogue of Palaearctic Coleoptera (Kippenberg 2010; Beenen 2010; Dӧberl 2010) . We study invasions only of leaf-beetles in the narrow sense of the word, i.e. all subfamilies of Chrysomelidae except seed beetles (Bruchinae), because seed beetles are very different from other Chrysomelidae in biology and ecology and have different vectors and trends of invasions (Beenen and Roques 2010) . Species below are presented in reverse chronological order of their first records in European Russia.
-Leptomona erythrocephala (Olivier, 1790) (Galerucinae)
Native range. Leptomona erythrocephala is native to mainland Spain, Mallorca, Portugal, south France, Sicily, Algeria and Morocco ( Fig. 1) (Reitter 1886; Biondi et al. 1995; Beenen 2010; Aberlenc 2010) . Junior synonym Monolepta verticalis Reitter, 1886 was described from Portugal (Reitter 1886) . Leptomona erythrocephala was also recorded from northern Italy, but this record is supposed to be questionable (Biondi et al. 1995) . Database on localities of L. erythrocephala is provided in electronic supplementary material 1. Reitter (1886) , Champion (1902) , Daccordi and Petitpierre (1977) , Petitpierre (1981 Petitpierre ( , 1997 Petitpierre ( , 2005 Petitpierre ( , 2007 , Aberlenc (1987 Aberlenc ( , 2010 , Biondi et al. (1995) , García-Ocejo and Gurrea (1995) , Baselga and Novoa (2003 , 2006 , Staines and Invasion status. Obviously, Leptomona erythrocephala is established in the region. First, many specimens were collected in the wild in two localities. Second, it feeds on the native plant.
Vector of dispersal.
Sochi is more than 2000 km far from the native range of the species.
So the natural spread is impossible. The most probable dispersal vector is an unintentional introduction with planting material or soil. The distance between two localities where L. erythrocephala was found in the Caucasus is 28 km. Since L. erythrocephala is a flightless beetle and its natural dispersal ability is restricted, it seems that dispersal of L. erythrocephala in the region is connected with an unintentional introduction by man.
Economic impact. Leptomona erythrocephala is not regarded as a pest in its native
range. But special attention should be payed to trophic specialization of this species in the Caucasus, especially if it becomes abundant. It should be taken into account that the representatives of the genera Leptomona and Monolepta feed on Fabaceae, and one of them, Monolepta quadriguttata (Motschulsky, 1860) , is a serious pest of soybean (Medvedev and Roginskaya 1988; Moseiko 2010) .
2016 -Luperomorpha xanthodera (Fairmaire, 1888) (Alticinae) Native range. Rose flea beetle is native to China and Korean peninsula (Dӧberl 2010) .
Invasion history. (Fig. 3) . This pest was firstly found in Europe in 2003 on British Islands (Johnson and Booth 2004) . Then it quickly spread to Italy (Conti and Raspi 2007) , France (Doguet 2008) , Germany, Switzerland Sprick 2009), The Netherlands (Beenen et al. 2009 ), Hungary (Bodor 2011) , Austria (Geiser and Bernhard 2012) , Poland (Kozłowski and Legutowska 2014) , Belgium (Fagot and Libert 2016) , Spain (Viñolas et al. 2016 ) and European Russia (Bieńkowski and Orlova-Bienkowskaja 2018a) . Biology. Luperomorpha xanthodera is a polyphagous species. Adults feed on flowers of many plants (23 genera from 19 families), larvae develop on roots of these plants (Del Bene and Conti 2009 ). In Sochi adults of L. xanthodera feed flowers of roses and citrus plants (Bieńkowski and Orlova-Bienkowskaja 2018a) .
Vector of dispersal. Luperomorpha xanthodera was probably unintentionally introduced as larvae on roots of imported seedlings, or as adults transported as cargo stowaways in airplanes. Both vectors are quite possible in the region of Sochi. First, this city is close to the international airport. Second, mass planting with imported planting material was carried out there during the landscaping of the city in preparation for the Olympic Games, which took place in 2014. Many other invasive pests have been introduced and established in the city in this period (Bieńkowski and Orlova-Bienkowskaja 2018a) .
Invasion status.
Luperomorpha xanthodera is established in the region. Finds of numerous specimens in two subsequent years in different localities indicate, that a self-sustaining population exists in the wild, and the species is dispersing in the region.
Economic impact. Establishment of L. xanthodera in the south of European Russia could cause negative economic consequences, since it is a pest of ornamental flowers.
-Medythia nigrobilineata (Motschulsky, 1861) (Galerucinae)
Native range. Two-striped leaf beetle Medythia nigrobilineata (= Paraluperodes suturalis nigrobilineatus) is native to North China, Japan, Nepal, Pakistan, South Korea, East Siberia and the Russian Far East (Fig. 4) (Medvedev 1992; Beenen 2010; Warchałowski 2010; Toepfer et al. 2014 ). Biology. Biology of M. nigrobilineata in its native range was described by Ogloblin (1936) , Koyama (1940) , Moseiko (2010) and Toepfer et al. (2014) . Medythia nigrobilineata develops only on soybeans. Adults feed on leaves and often damage immature pods. Besides that, beetles can feed on leaves of rice and sugarcane. Adults hibernate among fallen leaves and in the soil. In spring they begin to feed on soybean seedlings and damage leaves. Females lay eggs in the soil. Larvae feed on root nodules and pupate in the soil.
Vector of dispersal. The specimen was collected 4 km from the international airport Sochi. We suspect that M. nigrobilineata could be unintentionally introduced from Asia through this airport.
Invasion status. Though we have found only one specimen, it is likely that it represents a population (at least temporal). First, the likelihood of collecting an individual in nature from current introduction rather than from a breeding population is vanishingly small. Second, the establishment of M. nigrobilineata in Krasnodar Krai is quite possible, since soybean is widely cultivated in this region (Kondratenko 2012) . Special surveys of soybean plantations are necessary to reveal, if the pest is established.
Economic impact. Adults and larvae of M. nigrobilineata are known to be serious pests of soybeans in China, Japan and the Russian Far East (Ogloblin 1936; Zhanglin et al. 1997; Moseyko 2010; Takei et al. 2014) . So establishment of this species in Krasnodar Region pose a serious threat to soy bean production. Borowiec et al. (2011 ), Friedman (2016 , Pasqual et al (2017) , GBIF (2017b) . Database on localities of Chrysolina americana is provided in electronic supplementary material 4.
-

Invasion history.
Before the 1990s specimens of Ch. americana were several times collected outside the native range: in 1936 and 1938 in Belgium (GBIF 2017b , before 1950 in Romania, Austria and Germany (examined specimens from MTD) and in 1963 in the United Kingdom (Johnson 1963 (1985), Furth and Savini (1996) , GBIF (2017c). Sources of information about records outside the native range are indicated in Table 2 . Database on localities of Epitrix hirtipennis is provided in electronic supplementary material 5. 1892 , 1893 , 1927 , 1942 , 1960 , 1961 , 1962 , 1967 , ~1979, ~2002 Sharp (1900 ; Samuelson (1973) ; Gourves and Samuelson (1979); Nishida (2002) , GBIF
Bermuda <1924, 1969 <1924, Ogilvie (1924 ; Hilburn and Gordon (1989 ) Tahiti 1973 , 1974 , 1977 , 1978 Gourves and Samuelson (1979 Fiji 1978 Table 2 ). First it was introduced to islands in Atlantic and Pacific oceans:
Hawaii, Bermuda, Tahiti, Fiji and Azores and has become common there.
In 1983 this species was found in Europe for the first time in Northern Italy (Sannino et al. 1985) . It was the first alien flea-beetle introduced to Europe. It then spread to South and Central Italy, Greece, Turkey, Spain, Macedonia, Bulgaria, Syria, European Russia and Georgia.
In 2011 it was found that E. hirtipennis was common on Honshu (Japan) (Harada and Takizawa 2012) . In some reviews the records from Sri Lanka (Chamberlin and Tenhet 1923), Philippines (Martin and Herzog 1987; Deseö et al. 1993) and Tanzania (Ntibiyoboka 2014) are mentioned.
But these records are doubtful, since no references to the source of information are given. Table 2 .
Database on localities of Epitrix hirtipennis is provided in electronic supplementary material 5. Economic impact. This species is known mainly as a pest of tobacco, but can also feed on eggplant, potato, tomato and many other solanaceous plants (Capinera 2001) .
Records in European Russia
Remark. The representatives of the genus Epitrix are especially prone to invasions. Five species established outside their native ranges in other continents and islands (Fig. 8) . One more representative of the genus -Epitrix setosella (Fairmaire, 1888) was reported to be introduced outside its native range -namely from East Asia to Georgia (Aslan et al. 2017 ). But our examination of the specimens identified as "E. setosella" from collection of G.O. Japoshvili has shown that the identification is incorrect, and these specimens belong to E. pubescens (Koch, 1803). Biology. Adults of Diabrotica virgifera feed on leaves, silks, pollen, and young kernels of corn, larvae develop on roots (Branson and Krysan 1981) .
Vector of dispersal. Diabrotica virgifera proved to have been translocated from North
America to Europe several times in aircraft laden with goods and materials (Ciosi et al. 2008 ).
The beetles fly well, so they spread in Europe both by hitchhiking and naturally (Hemerik et al. 2004 ).
Invasion status. It seems that Diabrotica virgifera has not been established in Russia yet, since it was intercepted only once in 2011.
Economic impact. Diabrotica virgifera is a major pest of cultivated corn. Most of the damage is caused by larvae feeding on the root system. The species is included to A2 List of quarantine pests of EPPO (2017).
-Phyllotreta reitteri Heikertinger, 1911 (Alticinae)
Native range. We believe that the native range of Ph. reitteri is in Central Asia (Fig. 9) , as its host plant Lepidium latifolium originates from this region (Hinz et al. 2008) . Before the 1980s
Ph. reitteri was recorded in Kazakhstan and Uzbekistan only (Heikertinger 1941; Lopatin 1977; Gruev and Döberl 1997) . Probably the recent record from West China ) also belongs to the native range. Table 3 .
Invasion history. In 1984 Ph. reitteri was first found outside its native range, namely in
Crimea (Mosyakin 1987) . Then in 1986-2012 it was found in four regions in the South of European Russia (Table 3 ) and in 2002 in Turkey (Gӧk et al. 2002) . Table 3 ).
Biology. Experiments carried out in cage and in field have shown that the main host plant
of Phyllotreta reitteri is perennial pepperweed Lepidium latifolium (Gerber et al. 2012 ). Adults feed on leaves, larvae mine in petioles and shoots. This plant of Asian origin has been cultivated as a spice and vegetable since the twelfth century (Hegi 1986 ). Now it is widespread in Asia and Europe and has been recorded in all continents and has become an invasive weed in North America (Gerber et al. 2012 ). In European Russia Ph. reitteri occurs in moist habitats: on the banks of rivers and ponds and in irrigated parks.
Vector of dispersal. Unknown.
Invasion status. We believe that Ph. reitteri is alien in European Russia. It corresponds to at least four criteria of alien beetle species (Orlova-Bienkowskaja 2016) as follows:
(1) Detection of an established population of the species, which has not been recorded earlier.
-Phyllotreta reitteri appeared outside its historically known range (Central Asia) in the 1980s.
(2) Disjunction of the range, which cannot be explained by disjunction of suitable landscapes or host plant ranges. -The range of Ph. reitteri consists of two parts. The first one is in Central Asia, and the second one is in the south of European Russia, Crimean peninsula and Turkey. The distance between these two parts is more than 1500 km. Economic impact. Phyllotreta reitteri is regarded as a potential biological control agent of perennial pepperweed (Hinz et al. 2008 ).
-Zygogramma suturalis (Fabricius, 1785) (Chrysomelinae)
Native range. Ragweed leaf beetle is native to the USA and the south of Canada (Riley et al. 2003 ). (Fig. 10 ) was introduced to the USSR from Canada and the USA for control of one of the most noxious invasive weeds Ambrosia artemisiifolia (Kovalev et al. 2015) . (2005), Sergeev (2008 Sergeev ( , 2010 Sergeev ( , 2011 Sergeev ( , 2013 .
Invasion history. Zygogramma suturalis
Database on localities of Zygogramma suturalis is provided in electronic supplementary material
7.
Zygogramma suturalis when introduced to the south of European Russia, showed rapid evolutionary changes in flight capacity (development of flight ability and morphological changes) within only five generations (Kovalev 2002 . Record of Z. suturalis from Kazakhstan probably refers to the releases rather than to established populations. There are no current records of Z. suturalis from this country (Lopatin 2010) . Biology. Larvae and adults feed on leaves, shoots and inflorescences of Ambrosia artemisiifolia (Kovalev and Medvedev 1983) . The species is very abundant in some localities, occurs in river valleys, on the fringes of forests, and in saline areas (Sergeev 2013).
Distribution in European
Vector of dispersal.
Intentional introduction for biological control of Ambrosia artemisiifolia.
Invasion status. Zygogramma suturalis is established in European Russia.
Economic impact. Soon after the introduction of Z. suturalis to the Caucasus the density of some populations was as high as 100 million specimens per km 2 . Zygogramma suturalis completely destroyed Ambrosia in some locations. But 10 years after the introduction surveys revealed that in spite Z. suturalis was still abundant in some places, however it does not significantly affect the general density of the host plant. The system "plant-phytophagous" reached the equilibrium (Kovalev et al. 2013; Reznik et al. 2008) . The same situation is observed in the Far East (Aistova and Bezborodov 2015) . decemlineata colonized whole North America (Ivanchik and Izhevsky 1981; Alyokhin et al. 2013 ). In 1922 L. decemlineata was found to be established in Bordeaux (France) and began to spread in Europe. Now it is distributed almost throughout Europe and northern Asia (Kippenberg 2010; Maslyakov and Izhevsky 2011; Alyokhin et al. 2013; EPPO 2017) . Presently, the Colorado potato beetle damages potato crops all over Europe, Asia Minor, Iran, Central Asia, and western China (Alyokhin et al. 2013) . General distribution of Leptinotarsa decemlineata is well known (EPPO 2017), so we present the map of distribution of this species in Russia only (Fig. 11) . Economic impact. Leptinotarsa decemlineata is the most devastating pest of potato and other cultivated plants of the family Solanaceae (Alyokhin et al. 2013) .
-
Species established before the 20th century -archeoinvaders
It can be assumed that some leaf beetles species spread from their native ranges with the spread of agricultural plants and weeds centuries ago. In particular, Beenen (2006) argued that the combination of Buglossoides arvensis and Longitarsus fuscoaeneus Redtenbacher 1849 might have taken the route from southwest Asia where they spread with agriculture to large parts of the temperate parts of the Northern hemisphere. By analogy with the term archeophytes, which is applied to alien plants, the term "archeoinvaders" was introduced for animals (Khlyap et al. 2010) . It is very difficult to distinguish such established alien species from native ones. Thus, a number of species which are at present considered as native may indeed be originally alien (Beenen and Roques 2010). In some cases detail analysis of ecology and long-term dynamics of ranges could help to reveal archeoinvaders by the criteria similar to those used by botanists for revealing of archaeophytes (Orlova-Bienkowskaja 2016).
In particular, Chrysolina eurina (Frivaldszky, 1883) (Chrysomelinae) was argued to be probably an archeoinvader in Europe (Orlova-Bienkowskaja 2013a). The detailed analysis of all localities of this species available from literature and museum collections has shown that its range is disjunctive: consists of three isolated parts, which are at a great distance from each other. The western part is situated in Central Europe (Austria, Hungary, Slovakia, Romania, Poland, Czech Republic), the middle one -in European Russia (Moscow Region, Tambov Region, Nizhny Novgorod Region, Penza Region, Vladimir Region, Samara Region and Ryazan Region), and the eastern part -in the south-east of West Siberia (Kemerovo Region, Republic of Khakassiya, Krasnoyarsk Territory, Altai Republic). We believe that western and the middle parts probably appeared as a result of invasions more than 100 years ago. Firstly, the only host plant of this leaf-beetle is Tanacetum vulgare, a weed, which was introduced to Europe in antiquity (Pyšek et al. 2002) . Secondly, Ch. eurina in Europe occurs mainly in the ruderal habitats, which is typical for nonnative species. Thirdly, the unintentional introduction of beetles by transport is quite possible, since the local populations often occur at the roadsides of highways. Disjunction of the range cannot be explained by disjunction of host plant range or suitable landscapes, since T. vulgare has a continuous range in Europe, and Ch. eurina occurs not in mountains or some kind of other rare or relict landscape, but on the contrary -in anthropogenic landscapes in highly populated areas.
Another example is Lilioceris lilii (Scopoli, 1763) (Criocerinae). We studied dynamics of its range and came to conclusion that the species could be introduced from Asia to Europe in the 16th-17th century with bulbs of lilies (Orlova-Bienkowskaja 2013b . Of course, it is not easy to distinguish alien beetle species established before the 20th century from native ones. All criteria listed above are mere indirect evidences of the alien status of a species in the given territory, because numerous exceptions exist. Usually it is impossible to recognize an alien species by a single criterion, but matching several criteria characterizes the species as an alien one with high probability.
Discussion
Analysis of invasions of leaf beetles to European Russia has revealed some general tendencies. (Hemerik et al. 2004; Ciosi et al. 2008 Just because of the full naturalization it is difficult to distinguish between native species and species established before the 20th century.
Since the invasions of leaf beetles can cause tremendous economic consequences and since the exponential increase in the rate of invasions is recently observed, special attention should be paid to the study of these invasions. The monitoring is necessary to reveal the cases of emergence of species outside their native ranges. General trends of invasions of leaf-beetles should be examined and analyzed carefully. 
